).
positive variance. 5 In a retrospective review comparing arthroscopic TFCC debridement and wafer procedure versus USO, 9 of 11 patients undergoing wafer procedure reported good to excellent outcomes over 1 year after surgery, compared with 11 of 16 patients undergoing USO. 6 Current descriptions of wrist arthroscopy for ulnar impaction syndrome do not address all potential ulnar-sided pain generators. While TFCC debridement is useful, Palmer identified increasing carpal chondral damage as a hallmark of type IIB through IIE lesions of the TFCC. 7 Often, ulnar impaction lesions within the lunate are isolated chondral defects. In other joints, particularly the hip, knee, and ankle, microfracture procedures are the first-line option for treating isolated chondral lesions. 8 The purpose of this study is to assess functional and patient-reported outcomes at minimum 2 years after lunate microfracture for the management of lunate chondral lesions in the setting of ulnar impaction syndrome. We hypothesized there would be significant improvement in pre-and postoperative DASH scores, and functional range of motion near or equivalent to the nonoperative side.
Patients and Methods
Before the study was initiated, approval was granted from our institutional review board for this retrospective cohort study. Inclusion criteria for the study were patients older than the age of 18 years who had undergone a lunate microfracture procedure for articular cartilage lesions in the setting of ulnar impaction syndrome, and were a minimum of 2 years postoperative at the time of study. Exclusion criteria were patients younger than the age of 18, inability to provide consent, concomitant ulnar shortening osteotomy procedure, and microfracture procedures performed beyond the lunate and triquetrum, or follow-up less than 2 years postoperatively. We retrospectively reviewed the billing records of all patients treated by one surgeon from 2007 through 2010 with wrist arthroscopy and lunate microfracture for ulnar impaction syndrome, with arthroscopically confirmed cartilage lesions.
Preoperatively and postoperatively, all patients were assessed utilizing the following parameters: three-view wrist radiographs; pain levels; grip strength; wrist range of motion (flexion, extension, pronation, supination); and DASH scores. Patient-rated wrist evaluation (PRWE) scores were assessed at final postoperative follow-up. Patients received routine postoperative care at 2 weeks, 6 weeks, 3 months, 6 months, 1 year, and minimum 2-year intervals by the senior author. We compared the preoperative status to final postoperative follow-up. All patients had final follow-up at a minimum of 2 years after the procedure. Anteroposterior, lateral, and oblique radiographs were reviewed by the operating surgeon and a musculoskeletal radiologist. Pain levels were assessed on a standardized 10-point Likert scale. Grip strength was tested on a Jamar device (Sammons Preston, Rolyan, Bolingbrook, IL) set at the third position, and reflected a maximal single effort. Active and passive wrist range of motion was assessed with a goniometer. The DASH-wrist score was used to measure preoperative and postoperative functional status.
A test of equivalence compared with the contralateral wrist was performed with two one-sided t-tests for each functional outcome, which included wrist supination, pronation, flexion, extension, grip strength, and pinch strength. Minimum clinically important difference was defined as 15 degrees for wrist range of motion, 4.5 kg for grip strength, and 1.8 kg for pinch strength.
Surgical Technique
The surgical technique begins with general or regional anesthesia and wrist distraction is a standard arthroscopy tower to 12 lb. The standard 3-4, 4-5, and 6R portals are typically utilized. The 6R portal is first established and a 2.7 or 3.5-mm arthroscope inserted for visualization. The ulnar structures are visualized, scar tissue and loose flaps debrided with a shaver, and tears within the central disk of the TFCC are debrided. The articular surface of the lunate is examined. If an isolated full-thickness chondral lesion with exposed subchondral bone is apparent, microfracture is performed using a microfracture awl placed into the joint via the 3-4 or 4-5 portal and the arthroscope in the 6R portal (►Fig. 1). If a chondral defect is noted without an exposed bone, the lesion is debrided but no microfracture is performed. The subchondral bone is fractured to allow for egress of blood from the lunate to create a hematoma (►Fig. 2). Typically 3 to 6 microfracture sites are possible given the surface area of cartilage deficit. The patient is then placed in a short arm splint for 2 weeks, followed by a short arm cast for an additional 4 weeks to allow for maturation of the hematoma and to avoid shear stresses across the maturing hematoma. Six weeks postoperatively the cast is removed and the patient begins range of motion exercises under the supervision of a certified hand therapist. A removable splint is worn for protection during sleep and strenuous activities. At 3-months postoperatively the patient returns to full activity. 
Results
Following chart review, a total of 22 patients underwent microfracture for ulnar-sided wrist pain. Among the 22 patients, 7 patients (5 men, 2 women, the mean age of 47 years, range 21-66 years) underwent lunate microfracture and satisfied all the inclusion and exclusion criteria. The remaining patients underwent concomitant ulnar shortening osteotomy, wafer procedure, or other procedures within the wrist, including four patients who underwent concomitant microfracture of other carpal bones. Six of the seven patients demonstrated ulnar-positive variance (mean: 1.2 mm) on appropriate preoperative X-rays. All patients had Palmer IIB or more severe TFCC injuries, reflecting the involvement of the lunate chondral surface.
All seven patients participated in the quick DASH preoperatively. The remaining functional and outcome measures of PRWE and bilateral key and pinch strength and range of motion measurements were measured at final follow-up. Mean follow-up was 34.4 months after surgery. There was an average improvement of 43 points between the preoperative DASH scores (58.3 AE 13.5) and the postoperative DASH scores (15.1 AE 8.6), which was statistically significant using a paired t-test (p < 0.001). Final DASH scores suggest there was some residual disability in five of the seven patients. However, none of these patients required further management. Mean postoperative PRWE was 20.4 AE 9.4 (►Table 1). There was no significant difference in mean wrist pronation or supination (p < 0.05, E ¼ 15 degrees, standard deviation pronation: 3.25, and supination: 3.49) when compared with the contralateral side, without significant disability on either side (►Table 2). The operative side showed nonequivalence with the operative side with respect to wrist flexion and extension, grip strength, and pinch strength, and this is likely due to wide confidence intervals in a small series of patients. There were no surgical complications. Plain radiographs obtained at the final follow-up revealed no evidence of radiolunate arthrosis in any patients. One patient returned to the operating room for an unrelated issue, which enabled second-look arthroscopy of the lunate microfracture site. There was excellent coverage of the osteochondral lunate defect with fibrocartilage (►Fig. 3).
Discussion
In 1989, Palmer described his classification of tears of the TFCC. Class I tears are of a traumatic etiology and are subclassified based on location. Class II tears are degenerative. Class II TFCC tears are further classified based on the level of wear of the TFCC, chondral surfaces, and ulnar ligaments. Class IIA lesions reflect wear of the central TFCC. Class IIB lesions also have lunate or ulnar chondromalacia. Class IIC injuries additionally show a perforation of the TFCC. Class IID manifest with perforation of the lunotriquetral ligament. Class IIE lesions present with all of the above, plus ulnocarpal arthritis.
7,9
Treatment of articular cartilage injuries in the setting of ulnar impaction syndrome presents a significant therapeutic Abbreviations: DASH, disabilities of the arm, shoulder, and hand; L, left; R, right; PWRE, patient-rated wrist evaluation. challenge given the limited regenerative capacity of this tissue. This article describes the benefit of microfracture of the lunate in the setting of arthroscopically confirmed chondral injuries with a minimum of 2-year follow-up. Microfracture was used only in full-thickness articular cartilage lesions, described as grade IV lesions in the classification by Outerbridge.
10 Less severe chondral lesions were debrided and excluded from the study. Ulnar shortening osteotomy or arthroscopic wafer procedure is a mainstay of treatment for ulnar impaction syndrome. Combining ulnar shortening with wrist arthroscopy and TFCC debridement or repair has shown significant improvement in pain, grip strength, and functionality.
11 However, patients still report some pain after these procedures.
12
While modern wrist arthroscopy techniques address known TFCC and intrinsic ligament injuries, we are not aware of studies that address management of chondral degeneration of the carpus in Palmer IIB or more severe lesions. Prior failures to address chondral degeneration may explain persistent pain after combined arthroscopy and USO for ulnar impaction syndrome. Microfracture is a well-established technique for managing articular cartilage lesions in the elbow, shoulder, hip, knee, and ankle. Microfracture is a means of stimulating cartilage regrowth on articular surfaces. A standard technique starts with careful debridement and removal of unstable cartilage around the lesion. Specially designed awls are used to make multiple perforations, or microfractures, into the subchondral bone plate. Perforations are made as close together as possible while maintaining the integrity of subchondral bone. Localized bone bleeding initiates a cascade beginning with hematoma formation, mesenchymal stem cell migration, and synthesis of fibrocartilage that fills the original cartilage defect.
13
To our knowledge, there are currently no studies regarding the use of microfracture in the lunate for ulnar impaction syndrome. Although there is no validated algorithm for managing articular cartilage defects in the hip, knee, ankle, and shoulder, microfracture is a commonly used first-line option before alternative techniques such as autologous chondrocyte implantation, osteochondral autograft or allograft transplants.
7 Microfracture is shown to generate reparative fibrocartilage with variable amounts of type II collagen and matrix proteoglycan content at second-look arthroscopy with cartilage biopsy. 7 While fibrocartilage that results from microfracture is less stiff and less resilient than hyaline cartilage, these differences are minimized with appropriate rehabilitation in smaller chondral lesions. The end effect is a durable repair cartilage that fills the original defect. 14 The biomechanical differences in fibrocartilage are thought to portend a worse long-term outcome in weight-bearing joints. 15 Since the coefficient of friction is similar between cartilage types, nonweight-bearing joints may have improved outcomes with the presence of fibrocartilaginous repair tissue. 16 While multiple potential pain generators may be 1  80  75  80  80  85  85  75  80  55  75  12  20   2  74  75  75  80  65  80  70  70  56  58  10  12   3  62  70  65  75  86  88  45  65  68  80  26  24   4  70  72  75  80  85  85  78  90  70  78  22  22   5  80  80  80  80  60  60  60  75  30  41  10  15   6  65  80  60  68  75  80  78  88  35  42  16 associated with ulnar impaction syndrome, cartilage defects are one possible source of pain, and may hasten the progression of ulnar ulnocarpal arthritis. Lunate microfracture is a low morbidity procedure with minimal risk, and may improve symptoms and reduce the need for a more invasive joint leveling procedure. In fact, none of the patients in this cohort required any further intervention such as USO at a mean of 32 months following the index procedure. Microfracture may be performed in isolation or with the concomitant arthroscopic ulnar recession (wafer procedure). Should this procedure fail, salvage treatment with an ulnar shortening osteotomy may be employed.
Limitations
This study is limited in its retrospective design and small number of patients. There was no control group, so clinical improvement may be confounded by the simultaneous TFCC debridement or the independent effect of immobilization and therapy. However, all of these patients failed a course of immobilization and therapy before being indicated for surgical management. A larger, prospective study would be helpful to compare TFCC debridement, with and without microfracture of the carpus in the face of ulnar impaction syndrome.
Conclusion
Lunate microfracture improves DASH scores at minimum 2-year follow-up, and patients regained considerable wrist range of motion and strength compared with the contralateral limb. No patient in this cohort required a more invasive ulnar shortening osteotomy.
